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Design, Performance, and Callbratlon of the ALEXIS Uitrasoft X-ray Telescopes
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SF lwronomy end Asuopbylics Group
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ABSTRACT

We will pesetithe &teilsof die ALEXIS tekop qticd daig& Inllis.1Cberutcrimioas of the first flighl mirrors
ad dcmcn, ml tbs currmx schmne$for titdzing d celibming b compktul tel=op essesnblics. We will also
dixusshedekls ofanoveY ”w8veuap” feaureiacqnMl into Lbemullih~ mimer snUCBme10ply redce rhc mirrors
reflativuy u 304L a cne@ kkgmund cort~on flux of HeIIemissionfnm theg~

1. INTRODUCTION

The ALEXIS ex@meot wei~ IM pouack claws 4S ww &udproduces 10 b.lobmUecond of dem Posltlon and
me of ernvd em rmrdd for-b detad phom. AEXIS W AMys beius smey=cnonm mode,wtb no lndlvdunl
some pxnt,tngs.lt Iswellmbudforsimdumous obsmums mltb~und.~ obamm who-= toobmwemums w
O~SltiOTl Coordxutd 0b5WXZi~ fted not b ~sd bfm @ fWL ku eN M- m UMend+un humlsphereWll]

be ob#rwU end mctuvd -s WIIIb tmhd ho a sin@o_ steuon m h Ammos. Between _ StUiOn

penes, dsta m nod in M m-bed sohd sw memory of 72 Mbytes,

AI&XJS. wlh M wkb field~f~dew d w611=defhmdw8vGIen@bds, vnll cunpleam ~e u-a NASA
h- Uluwlolet Explorsu eruYROSAT EUV Wide FM Carma which sm saMLIw M-M rurvey expednwnu.
ALEXISwI!Ip’sue a numbsuof sciemdlcobpakes mcludlng: meppmg he df!ksn beck~nd m three emkkm km hands
wlf,hthe hl@aI enguk reMAon to thea, wrfonnhg k ttenow+ead mfv.y of pcdm source~ sarchiug for uzmient
phmomene m w ulnamh X-rsy band, am! providln~ t

?
uc tnwtltonrq of vMeble uhsoft X.tmy sources such u

cet&Iysrtucvedeblesad fleresurs UnllkeOW ulmsoft my ex~enu, me&and 71 OVALEXIS bsndpsses ere
wed m M Fe IXMI enuasiat lme complex Tltis set of emlssmnhnosMchemaedshcof ml]lon degm opdcsllyM
pbnu wtuchexistmW cm ofsm andduch mu thqlu to fill a Iqe fmedonof tmemellerw sroundthem,
UeMltlgmeSoftx-r,y bec@Wnd



2. GEOMETRICAL OPTICS

Normal incidena mulrilayer X-rayE~ [elcsc~ have Men @ for solar obscrvauons3, bul ALEXIS wili be tie
fus[ rime LIWywill k used for ncm-solti COtiC ~Wft x-MY/’EW mmu’emems. Figure2 shows a moss secriontd view
of m ALEXIS wlesccp. IL:s an exucmely simple optical dcsi&pLconsi.sd.ngof an mmular esmrce npumut, an fil spherical

‘uocMtA plau der8aor wkb wedge am! snip ancck mulow. T%ernirnm.m.qrkala ldwrejeagmms mdaaLm4ml
Curvd 5’oKl:of rhcmicrmbmnel plalc follows ~aKLUe of the focal su.rkz so Lhm rhc @d r~lution of Lbesystcrn is

a~xmmsely wmsuu ova Lheentire 33” field+f-vi-. S@-al xbermicm Limhxthe sysusn’s spdal resolution 10abmn
0.5”. 7%ehole in the spherlcel mirror cam 8n =M ti Iacaning mys I=Iar aee ml hiu wed bancf!ci~ %auR3. II

TOVIdeI sococ woigm asving~s wmym examne * fli@ m= ~ P* ad a way LOdirectly illurniome the dctexor for flat
field ustt m W “suubbiq” opentioas.

W reflecdvhy of the minwa a O- Wmkwh isa mng functkm ofh mgle wkb which he my bouncesOH
ofrbesnJm. Ttdaisduew Uwmmmdlk~~mcetidmchmemofhe smdrllayerbucx.wmthembrcxfi ace.
Webxve -cad the dbudous to the total aM8*lM ~le pduct (A”fl) u ●functimof glmclng angle rcflecdon.
llih rendI is SIMM in ~gum4 Ncdee LM we oaly M m auitter xngles berweca 72° and 78°. To deti k IWIW’S
cuntrlbution 10& relescape’s WI AO~ u AIa givm wavehulth Us curve mu.! be multiplied by tie rnuhilayers
re.flemmy U ed angleuid k msuh Wgmd. Mgure 5 howa tbemsuh of his ahlm.ion fa a of be *
-*S USbUCrMCISof Ib8C8@Ul urget mu.hileya ksi~,

In cmk We 8r#le dimnbuuosr awes en nm Mepmdem of each CUMso be !lrIAIcomptwcm of each telcscope”s
p=f~ wdl Involve caapAn# for Wh cdculukm ray Lbeeffecu of he nunor mfkvhy, film mmsminslom and
*ISCUM_ erndwt

3. .MULTILAYER MIRRORS

OU POSTUSBdeveloping tie ALEXS flighl hl-Sl muhklayer minors ASwell u be EUVmirrorcxlibrxdonfulmy
al LosAlmoe !W bm desctibuiF@Aousl)’”ASof hh dd.na, We hve olXaIne+dfrom our tutxonrmtxor, O’waJc
Sfimedc MawrialI Compeny, Inc. (OSMC), an @lAalse[ of 11flightrrdrronforALEXISendm menchmflmwlme!s
wnple for -h. ~c flat wimeas mmnn CM4 cm diameterquam fhu placed b M C@htrnlmor holes m tb. bme of
d~Kta Al dW dllle w? M@ Still UW.hMLh# h -’ @XfWCC and are wtimpung !OunMIsund some dll!llcukles
with rlm 304A “wewmp” feanue of the rnhois design.

~ fabmklon of h ALEXIS rnlml hss pd m M a sIgrdJlcmlmchnologlcd ctu.llenge for Mvml rexsons
FmsLbe Mace of he mhora ls LdghlyCWU (dlammu ● 128 cm, mdus of curvature ● ]1 S2 cm) wtuch makes II diIYlcuil



LOpw don a umforrn !nuhilayer stmccure over Me mire dia.nwer. We had ac imti spedhcion for 91% variation in tie
rnu]ri]ayerd-spacing over b entire surface. OSMC anhd at a deposition process dust substandally m our sp.ctiIcadon.
All 11 !lght minors receiv~ m date have dhUCS Ow their M- dimeurs wbio *l-2%. As of W tirk”g, detailed
spatial uni.fonniryreflectivity meau=em m in pogresa on all of tbe flight mimni, Figure 7 sbows me rdk-ctiviry dam
obu?umdhmsnone of ti flight *V bdpa.sa mirrors meuurul Wb 186A X-mys m several radii m the mi.mor.

The sec.cmdchallenge w 10geLhe IMcbess of tie Mo-Si hyem wrrea in order m obdn tie maximum
refktivities. wh.in the wavekngtb bend of mum8L betweenghucing angled 72” and 78”. as dimsul in section 2 above.
~w~_mtdddfm b71cVbX~wb ad@-~kg-could wlti@wofhe
mIesc@s ~ u margiea b@ber W &a bs@on edtijeof ho ahmiuum film used with tbe 7) ad 66 eV bmdpass
telescopm, uma wiping at she IelV”s sensitivity. Satiaktmy layar spmngs were obtahw? ~’ur several deposition
imratkms, h proved feasible ro depdt a smnd sad in some a,ma I W.rrJmuldlayer suucrum ova be on@al coating whm
me fii~*U W- W5 uddkw.

II@ ‘&d challmge wu 10put the correct recipe for be two Mo-Si layer pairson top of @ muhhyer nrucmre
com~ing tie SMA ‘mwwrqi’. one of tie protmms for Utrcmmucal iaauummadon working iu dle Euv or Ulmawftx-
layregime la LbeinKnae Ewkkgrmmdfrom He Irinfhegelxauna at NY4A.’1Mu ouImjxipaIm beaamucbas
13 RayIeigha, or more shan m mi.lUmbes unmgerw dpala of asuopbysicd in-t in w 2W - lwA region of he
specuum. Filaulm cau be used to blockslds b&ckgrcnm4but u a signifiom expaae co& tekope’s hrouglqw u the
vmvekqtbs cd imcresL We reakd h If she mirrcr’s rcfktiviry u 304A cdd be redud withcmt smioua]y de-g he
ImlTor’sperformau insbeteleupe hndps&lhe!UlarS cOuJdba tiardasmuchaa2S% ininsmumemeenaitivity
mllldlxre@md.

For tie ~ght mirrorx, reflmtvitiaa u 300A of 104 or lesshave k acb.bed whiie pdmnumx Si.ntlemam
bd’pasaes Imve- in tie 30+0% mnge, dqmdlng cmLbem, k ex@O of a 66 eV bdpaes mln’or’sreflecrivhy
perfonsiancem JMA ix tiwn in Rgure 7,

However.therefkthiIy atWA of d of the flI#tI ~rtua has varied with ~, some minor’s @mmana hu
gcwm Mner (1.c,]ower 3(J4A Mmvity) d o- tuve gouen wine, w ~activiues m tie -S wave]eng~ Mve
not chzngd. ‘J& mrrma were alord in sealed plutic bag ~L9ka fflled with dry n.iuogen which bad prevmlsly ~
shovm to be a slable lw~e envh’oomenl for fht wmuap mulr.llayersampl~, N of dus wiuq wc are MU]evahdng
wktier Lhechsoges m due to I) sW- conLarnhkal bdldup, or 2) oxIde m ruu~rMformauon w Ihe rulfacc Diffusion of
he Mo layera imo tie S1 layw seam 10be ndal out smu mcdels abow ~ W pr~ss can neva unprove be performance
of he Waveuapeffect,

4, DETECTORS AND FILTERS

Calibration of W fht set of fllghl WS flka is undaway ●t SSL-UCB u the time of LM wining I%e curram

66 and 71 ev bandpm ule=opa film are con@ed af 1200A of aluminum and WA of carbon, Yle 95 eV us
&k9CO~ flhrs are M Of IsooA of Mam 2@A of Uunlum md 900A of boron ‘IWt flm fiber WI WLS -md U#hg
k huud encouragin~ mauh of he mims waveirqprf~es ticri~ above,u macm ~blema with he jMA
repcuon capability of be mirmrs cm nol be resolved we till oblam a - Ut@uf eat of AlurdnumKa,rboa flltm which
WII1 makeup for W 10ssof backgroud re]acmm by the M and 71 eV bandpua m,irron, Tba 95eV band

IP
psforlllmlu 11

not u s’uaoeptlbleto ha degrded wweuap opetuion kaw me btil!mwm&ron flher Is more e ictent m removuq
L& 3(MA backflound.
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SSIAJCB has buih @ calibrated he fmt ALEXISfl.IglIIdaeam and Iuu delivered it m LANL for s.descop
mtegretion. The clurxh.sxia of tlmcurwl mcfdnnnel plats @ for h A.LEXN detectors are discussed elsew~ m
m mfmUICC9. A unique fcanm tiqonmd tilo he ~ demtor *QEO is a mud] circular mask placed pztmcmdy
over a small pm of rhe front of rhe detector al Ihe dge of tbe ecuk e am fie mesk S.hMdsa secuc!nof ~e deteclw from my

incdent EUV rndiacim. T’lsus wiy evenu hxated within that area tise * inRinSiC dark counts w high energy pmicles, Ilte
event raw in this erM will be used as m on-bit comimr cf bigbenqy pesticleinducd evens Calibtnwmswuhmdioauive
~onthegmuld wdldcmllice bmti*p*m@de ~W-D&ticti dovmtie Md&
det~m. ~-of~titig tiMm-ti h-y@tifiM*_s~of~ esxduht.

m~8-ti~s~dl- (Qsd-mfa*mtitiLa !S”totlwporeuis.-flle
emorbars mcludetMmemwemmt GrTorsaswellesthe ~ky m tbe sbsolute *brahcm of the pholcutmrk used ss a
smdard, F@re 9 lws aevaal P1OUebowmg the relxt.svechsnge m QE at fied waveleagtbs u a funeuon of hmdunt eagle
Wllhrespct lolbeuucrmhmme Iptatepara.

The mifosmityof the dciiofa spatial respcRM W8S tested by pking a msuk with a grid of pinholes with 2mm
Sepn.mdaoend lofldemams in frantoftMdetatm.l%e maskmdde@tm W=M ~by UV Iiglua.t a sligbxofhxis
ang]e, fberesulting imgeieshown in figure 10. Flguell isacoumbistogram cmse saxionacroes cmeofthepini@e
rows. l%= tests itdase Wu the detmar’s spssial r-uticm is srill well tmlow U@opdal Resolutionof tie telescope.

S.TELESCOPECALIBRATION FACILITY

Otm tbemirrc 8Mdemt0r me flxd tithb W Wlm Mdy, the unitMhOut be flltcr) is pie@ In avwuum
cti@*i~rn H~12, ~wpwti Mtim_**tif- Ofthetelesoopc aswellasmapouttho
relethmship baween X-Y loasiat of evmts on the detmor ml the -bon of the iwcdng rays. ‘1’lw gimbals cm wtddi the

(elescope Is mavued me rnmlplmexl by nvo cmnpuer conRolld txuxws. ~ entire test will be ●u-ted xnd amtxcdlal by
a SUN workstaticm.

The !lnel [ems fw throughput Mrougb the telescope systmn will be p=formed by a PGEICI1barn test depicted in
FIgurc 13. After the-W spauel ms$qnug cehbrsuota ti fl@u flher ia plwd on the detector md & unu ISm.
-mb14.Ith-@@b@b&SnmMuLti ~g=dv=md=tb=upti 0na~oftb8LA,NL
EUV %fktornm’y sys= A mocnchmmdc-l b d callbucduttmsity1Sthen dirmd tmo the emxmce ~ of
tie Mscopm The tmemmp an be nmwuvefd 10 CUffcrmt engles so thst b puned hewn a tmverse ddfermt * through
me telescope. The resuldng Outp.stfrom & td~ b UnS’S~ wttb Cal*tJOns to deurmme the final mudei of telq
m~ as a fuocum of wavelength.
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